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ABSTRACT

During the past ten years, many sets of subjective probability forecasts have been formulated on an operational or
experimental basis by weather forecasters. In this paper we examine some forecasts prepared recently by National
Weather Service forecasters. Samples of precipitation probability forecasts represent an operational program, while
samples of probability forecasts of temperature represent an experimental program. An analysis of these forecasts
indicates thal weather forecasters can and do formulate reliable probability forecasts of precipitation and temperature.

1. INTRODUCTION

Since 1965, National Weather Service (NWS)
forecasters have expressed their forecasts
of precipitation occurrence in probabilistic
terms, and these probability of precipita-
tion (PoP) forecasts have been routinely ap-
pended to weather forecasts issued by the
NWS. As a rtesult of this nationwide pro-
gram, several million PoP forecasts have
been formulated and disseminated to the
general public during the last ten years.
These forecasts have been examined in some
detail by NWS meteorologists (and others),
and at least some of the results of these
investigations have appeared in national
and regional technical memoranda of the NWS
(e.g., Cummings, 1971, 1974; Hughes, 1968,
1976; Roberts, Porter, and Cobb, "1969,
Sadowski and Cobb, 1974). However, to the
authors' knowledge no results related to
the nationwide PoP forecasting program
have appeared in the published literature
in meteorology.

More recently, several experiments have been
conducted in which NWS forecasters have ex-
pressed their uncertainty concerning fore-
casts of other variables in probabilistic
terms. These variables have included maxi-
mum and minimum temperatures and the occur-
rence of precipitation in an area (PoP
forecasts are point forecasts; see Section
3). While some of the results of these ex-
periments have now appeared in various
meteorological journals, many forecasters
and operational meteorologists may not be
familiar with these results.

The purpose of this paper is to briefly
describe some recent results of the nation-
wide PoP program and some results of two
experiments concerned with probabilistic
temperature forecasting. While we are
primarily concerned with the reliability of
the forecasts, we will also consider their

accuracy and skill. These attributes of
the forecasts are defined and several mea-
sures of the attributes are identified in
Section 2. In Section 3, we describe some
recent results of the nationwide PoP fore-
casting program. Some results of two ex~
periments in which NWS forecasters expressed
the uncertainty in their forecasts of maxi-
mum and minimum temperatures in terms of
credible Intervals are summarized in Sec-
tion 4. Section 5 consists of a summary
and conclusion, including a brief discus-
sion of the implications of these results
for operational forecasting procedures and
practices and fer experimental programs.

2. DEFINITIONS AND SOME MEASURES
OF THE RELIABILITY, ACCURACY,
AND SKILL OF PROBABILITY
FORECASTS

As indicated in Section 1, we are concerned
in this paper with the reliability, accu-
racy and skill of probability forecasts.
Reliability is defined as the degree of
correspondence between forecast probabili-
ties and observed relative frequencies over
a set of forecasts. For example, if a
forecaster used a probability of 30% for a
PoP forecast on 50 different occasions,
this set of 50 forecasts would be perfectly
reliable if precipitation occurred on ex-
actly 15 of the occasions. Any shift in
either direction from a frequency of 15
(i.e., a relative frequency of 30%) repre-
sents a deviation from perfect reliability,
although small shifts may occur by chance
and should not be viewed as indications of
serious difficulties. One reason that re-
liability is an important attribute of
probability forecasts is because it is an
indicator of the ability of forecasters,
either collectively or individually, to
quantify their uncertainty successfully.

Accuracy, on the other hand, is defined as
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the average degree of correspondence between
individual probability forecasts and the
relevant observations. For example, a PoP
forecast of 10% is wviewed as more accurate
than one of 30% if precipitation does not
occur and less accurate if precipitation
does occur. The Brier score (Brier, 1950)
is generally used to "measure' this attri-
bute of the forecasts. This score, or mea-
sure, 1s simply the mean square error of
the forecasts.

The Brier score is also of interest because
it can be partitioned into two terms (see
Murphy, 1972), one of which is a measure of
the reliability of probability forecasts.
Thus, this partition provides a quantitative
measure of the reliability of the forecasts.
Specifically, the reliability term in the
partition represents the average of the
weighted squared differences between the
forecast probabilities and corresponding
observed relative frequencies, where the
weights are the frequencies with which the
respective probability values are used.

The square root of this measure is the so-
called "voot mean square error in reliabil-
ity," or simply the error in reliability.

Finally, skill is defined as the accuracy
of the forecasts of concern relative to

the accuracy of forecasts based solely upon
the relevant climatological probabilities.
This attribute is generally measured by a
"skill score," which is simply the frac-
tional improvement {in percent) of the Brier
score for the forecasts formulated by the
forecasters relative to the Brier score

for the climatological forecasts. The
higher the skill score, the more the fore-
caster has been able to improve upon cli=-
matology.

3. SUBJECTIVE PRECIPITATION
PROBABILITY FACTORS

The subjective PoP forecasts formulated by
NWS forecasters are point probability fore-
casts, Specifically, such a forecast ex-
presses a forecaster's "degree of belief"
that measurable precipitation (i.e., > 0.01
inches) will occur during a specified period
at a particular point in the forecast area
(generally the official raingage). PoP
forecasts are usually issued three or four
times a day, and they consist of three prob-
abilities which are valid for either three
consecutive twelve-hour periods or a six-
hour period followed by two twelve-hour
periods. In this section we examine the
reliability, accuracy, and skill of two
different sets of PoP forecasts.

The first set of PoP forecasts was prepared
by the forecasters at the NWS forecast of-
fice (WSFO) in Chicago, Illinois, during
the period from July 1972 through June
1976. 1In formulating these forecasts, the
forecasters were permitted to assign the
probability values 0%, 2%, 5%, 10%, 20%,
«.vy 90%, and 100% to the occurrence of
precipitation. A "reliability diagram,"
based upon all of the forecasts issued by
the forecasters during this four-year period
—— a toral of 17,514 forecasts —-= and the
corresponding observations of precipitation,
is presented in Fig. 1. The plotted points
in the diagram represent the relative fre-
quencies of precipitation when the various
probability values were used. For example,
the relative frequency of precipitation on
those occasions on which the forecasters
assessed a probability of 30% was 28.5Z.

We have also entered the number of fore-
casts next to each point on the diagram.
Thus, forecasts of 307 were issued on 1574
occaslons during the period, on 449 (28.5%)
of which measurable precipitation actually
occurred. The diagonal 45° line in this
diagram represents perfect reliability, in
the sense that the relative frequencies ex-
actly equal the probabilities.

Examination of Fig. 1 reveals that these
forecasts were very reliable. That is, the

observed relative frequencies corresponded
very closely to the forecast probabilities.
However, a slight tendency did exist for
the forecasters to overforecast (i.e., for
the forecast probabilities to exceed the
relative frequencies) for most probability
values. In addition, it should be noted
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Figure 1. The reliability diagram for all of
the PoP forecasts formulated by NWS forecast-
ers at the Chicago WSFO during the period
from July 1972 through June 1976.



that the frequency of use of the various
probability values decreased, in general, as
these values increased in magnitude. This
latter result reflects the current state of
the art in precipitation forecasting, in
that it is simply not possible at present
for forecasters to assign high probabili-
ties, frequently and in a perfectly reliable
manner, to an event which has an average
climatological probability of occurrence of
approximately 0.20. Nevertheless, the re-
gults presented in Fig. 1 indicate that the
reliability of these subjective precipita-
tion probability forecasts was excellent.
The forecasters at the Chicago WSFO were
clearly able to distinguish between those
occasions on which, for example, probabil-
ities of 25% and 30% should be assigned to
the occurrence of precipitation.

In the previous paragraph we were concerned
with the overall reliability of the fore-
casts. We might also ask, "How reliable
were the forecasts formulated by individual
forecasters?" To answer this question, we
briefly examine the reliability of the
forecasts prepared by rhe two forecasters
who made the most forecasts during this
period: namely, Forecaster A (2916 core-
casts) and Forecaster B (2820 forecasts).
The reliability diagram for Forecaster A is
presented in Fig. 2. TForecaster A's fore-
casts were quite reliable, although he did
exhibit a slight tendency to overforecast
for most probability values. Note, however,
that his 907 and 100% forecasts were re-
markably reliable during this period. Fig.
3 represents the reliability diagram for
Forecaster B. His forecasts were also quite
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Figure 2. The reliability diagram for Fore-

caster A's PoP forecasts (a subset of rhe set

of forecasts presented in Fig. 1.)
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Figure 3. The reliability diagram for Fore-

caster B's PoP forecasts ( a subset of the
set of forecasts presented in Fig. 1.)
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reliable, and he did not exhibit as strong a
tendency to overforecast as Forecaster A.

These results indicate that the PoP fore-

casts formulated by individual forecasters
were quite reliable.

With regard to the reliability, accuracy,
and skill of these forecasts, as deter-
mined by the measures described in Section
2, the Brier score for the entire set of
forecasts was 0.130 (on a scale from zero
to one, with zero being the best possible
score)}. The Brier scores for Forecasters A
and B were 0.124 and 0.128, respectively.
The partition of the Brier score revealed
that the error in reliability was 2.8%
overall, and 4.4% and 3.5% for Forecasters
A and B, respectively. Finally, the skill
score for the entire set of forecasts was
30.9%; that is, the forecasts formulated
by the forecasters represented a 30.97 im-
provement over forecasts based solely upon
the climatological probabilities. Fore-
caster A's forecasts showed a 33.77 im—
provement, while Forecaster B's improvement
was 32.3%. Thus, these quantitative re-
sults concerning the reliability of the
forecasts, indicate that the PoP forecasts
formulated by the NWS forecasters at the
Chicago WSFO during this four-year period
were reliable and skillful, both overall
and for individual forecasters.

The second set of forecasts of concern con-
sists of the twelve-hour PoP forecasts
formulated by the forecasters in the
Southern Region of the NWS during the per-
iod from April 1973 through March 1974 (see
Cummings, 1974). The Southern Region com-




prises most of the eastern two-thirds of
the southern half of the V.S, (ten states).
Reliability diagrams for these forecasts
are presented in Fig. 4 for (a) the first
period (0-12 hours), (b) the second period
{12-24 hours), and {(c) the third period
{24~36 hours). Each diggram is based upon
approximately 38,650 forecasts. The highest
probability value available to the fore-
casters in the Southern Region was » 95%
(instead of 100%) and this value is plotted
in the diagrams at 97.5%.
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Figure 4.

Examlnation of Fig. 4 indicates that these
forecasts were quite reliable for all three
periods or lead times. The first—period
forecasts, in particular, were very relia-
ble. A tendency did exist for the fore-
casters to overforecast slightly at the
upper end of the probability scale, and
this tendency increased as lead time in-
creased. That is, the probability values
were greater than the relative frequencies
for the 80%, 90%, and ¥ 95% forecasts in the
first period and the tendency to overfore-
cast appeared to extend down to the 70% and

50% forecasts in the
iods, respectively.

be noted that, as in
forecasts formulated

second and third per-
In addition, it should
the case of the PoP
at the Chicago WSFO,

the frequency of use of the probability
values at the upper end of the scale was
considerably less than that at the lower
end of the scale, and this difference alsc
increased as lead time increased. Once
again, these results are simply an indica-
tion of the current state of the art in
precipitation forecasting (in this regard,
the average climatological point probabil-
ity of precipitation in a twelve-hour per-
iod in the Scuthern Kegion is approximately
0.17). XNevertheless, the reliability of
these subjective PoP forecasts was excellent
for the first period, and it was still very
good for the second and third periods ex-
cept for those forecasts associated with
the highest probability wvalues.
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The Reliability diagram for the 12-hour PoP forecasts formulated by forecasters

in the Southern Region of the NWS during the period April 1973 through March 1974. (a) First
Period (0-12 hour} forecasts. (b) Second period (12-24 hour) forecasts. {(c) Third period (24—

36 hour) forecasts.



With regard to the reliability, accuracy,
and skill of the Southern Region PoP fore-—
casts, the errors in reliability =-- as
measured by the reliability term in the
partition of the Brier score —- were 2.3%,
2.8%, and 4.4% for the first, second, and

third perlods, respactively. These errors
are similar in magnitude to the errors in

reliability in the Chicago PoP forecasts.
The values of the skill score for the
Southern Region forecasts revealed a 27.5%,
16.9%, and 8.3% improvement over climatology
for the first, second and third periods, re-
spectively. As expected, skill decreased as
lead time increased. These results, when
compared with the value of the skill score
for the Chicago forecasts, indicate that the
improvement over climatology for the Chicago
forecasts was somewhat greater than that for
the Southern Region forecasts (in this re-
gard, the set of forecasts formulated at the
Chicago WSFO included forecasts for all lead
times). In any case, the PoP forecasts
formulated by the Southern Region fore-
casters were also both reliable and skill-
ful.

In summary, examination of these two sets of
PoP forecasts, which were prepared in areas
experiencing quite different weather regimes
and precipitation types, provides convincing
evidence that NWS forecasters can quantify
the uncertainty inherent in their forecasts
of the occurrence of measurable precipita-
tion in a reliable and skillful manner.

4. CREDIBLE INTERNAL

TEMPERATURE FORECASTS

In contrast to the forecasts of precipita-
tion occurrence, forecasts of maximum and
minimum temperatures are still expressed in
categorical, or deterministic, terms. Spe-
cifically, temperature forecasts are gener-
ally either point forecasts (e.g., ''the
maximum temperature in Denver today will be
65°F") or interval forecasts (e.g., "the maxi-
mum temperature will be between 63°F and
67°F"). Point forecasts do not provide any
intormation about the undertainty inherent
in the forecasts, while interval forecasts
provide only a very informal representation
of the forecaster's uncertainty. With in-
terval forecasts, the potential user of the
forecast does not know whether the fore-
caster is almost certain that the maximum
temperature will fall in the interval or
whether there is only a 50-50 chance that
the maximum temperature will fall in the
interval

In an effort to determine whether forecast-
ers could quantify the uncertainty in their
maximum (high) and minimum (low) temperature
forecasts, experiments were recently con-
ducted at the WSFOs in Denver, Colorado, and
Milwaukee, Wisconsin. The forecasters who
participated in these experiments used cred-

Table 1. Relative frequency of occurrence of observed temperature below interval (BI), in interval
(I1), and above interval (AI) and average interval width for (a} variahle-width forecasts
and (b) climatological forecasts corresponding to variable-widcth forccasts.
Percentage of observed temperatures Average width (standard
Set of Number of 50% intervals 75% intervals devincion OF WidCR)( E)
Location Forecasts Forecasts BI 11 Al B1 II AL 50% intervals J5% intervals
(a)
All 132 25.8 45,5 28,8 10.6 73.5 15.9 6.2{1.3) 11.7(2.2)
Denver Forecaster 1 64 29.7 37.5 32.8 9.4 76.6 14,1 5.8(1.3) 11.3(2.6)
Forecaster 2 68 22.1 52.9 25,0 11.8 70.6 17.6 6.7(1.1) 12.0(1.7)
All 432 18.1 53.9 28.0 8.1 79.4 12.5 5.9(2.0) 10:1(3.1)
Milwaukee Forecaster 1 126 19.0 53.2 27.8 13.5 72.2 14.3 4,8(0.9) 8,1(1.3)
Forecaster 2 17 12.9 59.1 28.1 4.1 B2.5 13.5 6.5(2.5) 10.5(3.4)
Forecaster 3 135 23.7 48.1 28.1 8.1 B2.2 9.6 6.2(1.6) 11.3(2.9)
(b)
All 132 31.1 44.7 24.2 18.9 65.2 15.9 14.8{4.2) 24.2(5.7)
Denver Forecaster 1 64 32.8 39.1 28.1 21.9 59.4 18.8 15.5(4.1) 25,1(5.9)
Forecaster 2 68 29.4 50.0 20.6 16.2 70.6 13.2 14.2(4.2) 23,2(5.4)
All 432 17.8 56.9 125.2 8.1 81.7 10.2 14.5(3.9) 23.7(4.9)
Milwaukee Forecaster 1 126 13.5 63.5 23,0 5.6 87.3 7.1 13.8(4.0) 22.5(5.0)
Forecaster 2 171 18.7 57.9 23.4 8.2 79.5 12.3 14.7(4.1) 24.1(4.9)
Forecaster 3 135 20.7 49.6 29.6 10.4 79.3 10.4 15.0(3.6) 24,2(4.6)




— el

ible intervals to describe their uncertainty
regarding forecasts of high and low temper-
atures. A credible interval temperature
forecast is simply an interval forecast
accompanied by a subjective probability
which expresses the forecaster's degree of
belief that the temperature of concern will
fall in the interval (e.g., "the probability
is 0.60 that the high temperature in Denver
today will be between 63°F and &7°F").
Thus, credible intervals represent a
straightforward extension of the interval
forecasts frequently used in current tem—
perature forecasting practice,

The Denver and Milwaukee experiments were
conducted from August 1972 to March 1973

and from October 1974 to July 1975, re-
spectively. Two forecasters in the Denver
WSFO and three forecasters in the Milwaukee
WSFO made 50% and 75% central credible in-
terval forecasts of high and low tempera-
tures during the respective periods. To
obtain these intervals, the forecaster as-
sessed the median, the 25th percentile, the
12-1/2th percentile, the 75th percentile,
and the 87-1/2th percentile of his subjec-
tive probability distribution. Assessing
each percentile involved an equal-odds in-
difference judgment —- that is, the division
of an interval into two equally likely sub-
intervals. For example, if 65°F is the
forecaster's median temperature, then he be-—
lieves that it is equally likely that the
observed temperature will fall above or be-
low 65°F. The 50% central credible interval
is the interval from the 25th percentile to
the 75th percentile, and the 75% central
credible interval is the interval from the
12-1/2th percentile to the 87-1/2th percen-
tile. All intervals in the experiments

were assumed to include their end points,
and all temperatures were recorded to the
nearest degree.

Some of the results of these experiments are
presented in Table la (for further results,
see Murphy and Winkler, 1974, 1976). This
table contains the relative frequencies, in
percent, with which the observed tempera-
tures fell below, in, and above the 50% and
75% credible intervals in the two experi-
ments. Because these intervals are central
credible intervals, the 50% intervals would
be perfectly reliable if 25% of the observed
temperatures fell below, 50% fell in, and
25% fell above the intervals. Similarly,
the 75% intervals would be perfectly relia-
ble if 12.5% of the temperatures fell below,
75% fell in, and 12.5% fell above the inter-
vals. The results in Table la indicate that,
overall, the interwvals at both Denver and
Milwaukee were quite reliable, in the sense

that the forecast probabilities corresponded
closely to the observed relative frequencies.
A slight tendency did exist in both experi-
ments for the relative frequency of observed
temperatures above the intervals to be
greater than that below the Intervals.

Forecasts based upon climatological data can
be used as a '"standard of comparisen' for
the forecasters' credible intervals. The
climatological forecasts considered here are
variable-width intervals for high and low
temperatures based upon historical data for
the five-year periods immediately preceding
the respective experiments, and they were
computed on a monthly basis. These fore-
casts were analyzed in the same manner as
the forecasters' intervals and the results
are presented in Table 1b. An examination
of the percentages of observations below,
in, and above the intervals indicates that,
overall, the climatological intervals were
not as reliable as the forecasters' inter-
vals. The tendency for the relative fre-
quency of observed temperatures above the
intervals to be greater than that below the
intervals also existed for the climatologi-
cal intervals at Milwaukee, but not for
those at Denver. However, an examination
of the climatological median temperatures

in both experiments (not presented here; see
Murphy and Winkler, 1976) reveals that these
climatological medians tended to underesti-
mate the observed temperatures at both
Denver and Milwaukee. Thus, the forecast-
ers' tendency to underestimate -- with re-
spect to the variable-width intervals —-
may be due in part to above normal tempera-
tures during the experimental periods.

With regard to the individual forecasters,
the tendency for the relative frequency of
observed temperatures above the intervals
to exceed that below the intervals was ex-—
hibited by all five forecasters, but this
tendency was particularly prenounced only
for Forecaster 2 at Milwaukee. Otherwise,
the forecasters were generally quite close
to the expected percentages of observed tem-
peratures below, in, and above the inter-
vals. One exception was Forecaster 1 at
Denver, whose 50% intervals contained only
37.5% of the observations. However, an
examination of the reliability of the cor-
responding climatological intervals reveals
that only 39.1% of the observed tempera-
tures fell in these intervals, indicating
that "extreme" temperatures may have oc-
curred more frequently than is normal on
those occasions. Individually, the fore-
casters' intervals were, in general,
slightly more reliable than the correspond-
ing climatological intervals. Thus, the



forecasters, on an individual as well as an
overall basis, formulated quite reliable
credible interval temperature forecasts.

Reliability is an important attribute of
credible interval forecasts, and we have
seen that the forecasters' intervals in the
Denver and Milwaukee experiments were quite
reliable. However, Intervals based solely
upon climatological data were only slightly
less reliable than the forecasters' inter-
vals in both experiments. Other attributes
of these interval forecasts are also of in-
terest, and precision is one such attribute.
The average width of the intervals is a
measure of their precision, and the widths
of the forecasters' intervals and of the
corregponding climatological intervals are
also presented in Table 1., Owerall, the
average widths of the 50% and 75% intervals
at Milwaukee were slightly narrower than the
intervals at Denver. A comparison of the
forecasters' intervals at both Denver and
Milwaukee with the corresponding climatolog-
ical intervals indicates that the former
were less than half as wide as the latter.
Individually, the forecasters' intervals,
with Forecaster 1 at Milwaukee having par~
ticularly narrow intervals. Thus, the fore-
casters at both locations were able to form—
ulate precise credible interwval temperature
forecasts.

In summary, the results of the Denver and
Milwaukee experiments indicate that weather
forecasters can quantify the uncertainty

in their maximum and minimum temperature
forecasts in terms of credible intervals in
a reliable and precise manmer, and that
their forecasts were more reliable and much
more precise than forecasts based upon cli-
matological data.

5. SUMMARY AND CONCLUSION

Fl

In this paper we have analyzed subjective
and probabllity forecasts prepared by
weather forecasters under two considerably
different sets of conditions. First, we
examined samples of PoP forecasts, which
have been formulated and disseminated to

the public routinely by the NWS dutring the
past ten years. Most weather forecasters
have a considerable amount of experience at
preparing PoP forecasts, and they also have
access to objective guidance probabilities
as well as other sources of informaticon re-
lated to the likelihood of occurrence of
precipitation. The two samples of PoP fore-
casts studied here were prepared in areas
experiencing quite different weather regimes

and precipitation types, and they indicate
quite convincingly that PoP forecasts form-
ulated by NWS forecasters are very reliable
and skillful.

Next, we examined some probability forecasts
of maximum and minimum temperatures. These
forecasts were expressed in the form of in-
tervals, accompanied by the forecaster's
probability that the temperature of inter—
est would fall in the interval in each case,
and they were prepared on an experimental
basis at two locations. The weather fore-
casters participating in the experiments
had no previous experience at preparing such
forecasts, and no similar guidance forecasts
were available. Nevertheless, an analysis
of the experimental forecasts indicate that
they were very reliable and precise.

In summary, the results discussed here pro-
vide strong evidence that weather fore-
casters can do a very good job of expressing
their uncertainty about precipitation occur-
rence and maximum and minimum temperatures
in terms of probabilities. Furthermore,

we feel that these results are indeed rep-
resentative of the many sets of subjective
probability forecasts that have been pre-
pared on a routine or experimental basis by
weather forecasters during the past ten
vears (e.g., see Murphy, 1976, for refer-
ences to papers and reports describing other
results). It appears, then, that we can
provide an affirmative answer to the ques-
tion posed in the title of this paper.
Weather forecasters can and do formulate
reliable probability forecasts of precipita-
tion and temperature.

The results presented here have some impli-
cations both for operational forecasting
procedures and practices and for experimental
programs. With respect to operational pro-
grams, the PoP program appears to be quite
successful and should be continued. Per-
haps the most beneficial step that could be
taken in terms of this program is in the
area of educating the public. To make sure
that the public understands PoP forecasts,
we feel that the appropriate interpretation
of a PoP forecast should be explained in a
simple, clear fashion via the various me-
dia. Steps should also be taken to ensure
that forecasters have the correct interpre-
tation in mind when making PoP forecasts.
The difficulties lie not just with the ab-
stract notion of prohability, but also with
the specific probability used in a PoP fore-
cast {i.e., a point probability} and with
the definition of precipitation occurrence.
Also, individuals who are skeptical about
PoP forecasts might be more receptive to

T T

;
¥
!




such forecasts if they knew that careful
examination of large sets of forecasts (such
as the results pregented in this paper) in-
dicate that they are very reliable and skill-
ful. Thus, some publicity given to such re-
sults might be valuable.

In addition to the PoP program, considera-
tion should be given to formulating other
probability forecasts on an operational ba-
sis. The experiments concerning credible
interval temperature forecasting suggest
that probability forecasts of temperature
might be formulated operationally, although
careful thought needs to be given to the
type of forecast that would be most appro-
priate. - Instead of credible intervals, for
instance, the probability that a temperature
will be greater than or less than some par-
ticular threshold value might be of inter-
est. Examples are the probability that the
ninimum temperature will be below [reezing
{or below some level that is critical for
crops or plants) and the probability that
the maximum temperature will be above some
fixed level such as 90°F.

With respect to experimental programs, fur-
ther experimentation concerning probabilis-
tic weather forecasts seems warranted. Such
experimentation could provide additional
evidence regarding types of forecasts al-
ready studied experimentally (e.g., prob-
ability forecasts cof temperature, point
versus area precipitation probability fore-
casts) as well as information regarding
types of forecasts not previcusly studied
(e.g., probability forecasts of precipita-
tion amount). It appears that weather
forecasters are very good at expressing
their uncertainty in terms of probability
forecasts, and this ability should be util-
ized wherever possible to provide forecasts
that could be helpful to the general public
or to specific users.
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